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PURPOSE: To efficiently clean membranes of the whole
module when a liquid is filtered while a planer hollow
fiber membrane module having sheets horizontally
arranged is scrubbed with air from the lower side of the
module, by specifying the loosening rate of the hollow
fiber membrane of the module.

CONSTITUTION: A liquid is filtered while a sheet-type
planar hollow fiber membrane module 2 having sheets
horizontally arranged is continuously or intermittently
scrubbed with air from a diffuser plate 4 under the
module 2. In this process, the loosening rate of the
hollow fiber membrane of the module 2 is specified to 0-
3%. Thereby, during cleaning the membrane by
scrubbing with air, the air touches the whole-hollow fiber
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(54) Title of Invention: FILTERING METHOD

(57) Chim that their surfaces are horizontal. whercin air sup-

Chaim1- A filtering method in which the method plicd from below the planar hollow fiber modules is

of filtering a liquid uses planar hollow fiber mem- used to scrub the planar hollow fiber modules either
brane modules comprising multiple hollow fiber continvously or intermittently. and in which the
membranes arrayed approximately jn parallel and module hollow fiber membrancs are placed under
installed in the form of sheets which are dispused so tension. and in which the relaxation ralio is 0~3%.
Patent 2946072 !

USF 133975



Detailed Description of the Invention

0001
-Industrial Field of Use

) This invention relates to filtering methuds

vsing hollow fiber membrane modules, and espe-
cially pentains to filicring methods that use hollow
fiber membrane mudules to filler particularly pol-
luted liquids.

0002

Prior Art

Typically, hollow fiber membrane modules are

vsed in a wide varicly of precision filtering liclds
such as the production of sterilized water. drinking
water, and highly pure wuter. as wel) as in air
purification, However.-in recent years thesc filters
have been considered for use in the treatment of
highly poliuted watcr in secondary and tertiary
treatment in waste water processing plants and in
‘cleaning tanks for the separation of solids and
g '

Since the hollow fiber membrane modules

used for these-applications arc subject to a significant |

amount of clogging during filter processing. they are
cleaned by blowing air onto and vibrating the hollow
fiber membrane to clcan the membrane surface. or
the membrane surface is cleanced by repeatedly pass-
ing process water in the reverse direction from filter
processing.

0004

However. the hollow liber membrane modules

used in these applications are mainly ol the tubu-
lar-type consisting of bundled tubular or concentric
hollow fiber membranes that have typically found '
uses in precision filtering applications. Furthcrmore,
even if these types were to be improved. typically
only the ml.ing ratio or hitling shape of the hollow
fiber membranc is chunped.

0005

Patent 2946072

Problems Which the Invention is Intended 16 Re-
solve . ‘

When these types of prior art hollow fiber
membrane modules are used (o filter process highly
polluted water (for example 8S 2 50 ppm, TOC 2
100 ppm). sedimenis cunsisting of organic and other
maierials adhcr.ing during usc ta the surfaces of the
hollow liber membrancs build up (adhere) between
the hollow fiber membrances so that they functionally
become onc picee. thereby reducing the effective

membranc surface arca ol the hollow fiber mem-

. branes. resulting in a dramatic decrease in filter flow

volume.
Oom .

Morvuver. even when membrane surfaces off
the hollow fiber membrane modules that have
adhercd !'ogclhcr and become functionatly one'piece
in this way are periodically cleaned or backwashed, it
is not an casy matter for modules that have adhered )
together to recover their function. and their cleaning
efficiency thus declines.

0007

One proposed way of solving this problem is
10 use hollow fiber membrane sheets in place of bun-
dled hotlow fiber membrane modules. with onc cnd

. or both ends of the holtow liber membranes main-

tained in an open condition by one or two different
fixation parts within the housing that install the hol-
low fiber membrane so that the hotlow fiber mem-
branc fixalion pans are perpendicular in cross section,
and arc in any casc clonpated and approximately
rectangular in shape.
0008

This is a modulé that is well-svited to the fil-
tration of highly polluted water since it is possible
with this sort of planar sheet hollow fiber membrane
modulc t dispose the bollow [iber membrances so as

to create spaces between the layers and to make the

x
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inner and outer layers uniform, making il possible to
control the kind of decrease in filter cliiciency that
has been seen up until now when washing the mem-
brane surfaces since il is extremely casy to wash the
hollow fiber membrane surfaces cvenly.
0009

Nevertheless. by instoalling the planar sheet
surface of the hollow fiber membrane module hori-

zontally, relaxing and lixing the hollow (iber mem-

“brane, and by using air blown fram below to serub

the membrane surfuce. air bubbles passing through

the hollow fiber membrane sheet can cause bunching

of the hollow fiber membrane and can to sonme extent .

cause clumping of the hollow fiber membrane. form-
ing channels. Air bubbles can pass through these
arcas in a concentrated [ashion and can make it im-
possible to perform cificient membrane surface
cleaning of the entirc module.
0010

Morcover. by sulTiciently relaxing in the hol-

low fiber membrane (for example. a relaxation ratio

. 0f 5%), the hollow liber membrane becomes buoyant

and arches in watcr when the planar hollow fiber
membrane module is installed. Furthermore. the

width of vibration of the hollow fiber membrance as a

result of air scrubbing becomes larger.

0011

Therefore. among other problems that can
occur, a substantial amount of stress buckling oceurs
in the area between the hardened potting resin area
that fixes the hollow f{iber membrane gathered arca
and the base areas of the individual hollow fiber
membranes as a result of the substantial vibration
applied to the hollow fiber mcml;mnc. As a result of
a deterioration in the strength of the interface parts,
cracks and breaks accur in the hollow fiber mem-
brane in between the hardened n_:sin arca and the

hollow fiber membrane. which tend destsoy the

Patent 2946072

module functivnality over short periods of use.
0012

The purpose of this invention is to provide a
fiering method using the sheet-type planar hollow
fiber membrane module ol this invention. solving
thesc problems associated with sheet-type planar
hollow fiber membrane modules used to filter liguids,
paniculm:ly highly pollﬁlcd watcr. and to pennii cili-
cicnt washing of the catire module that can be done
in the conlext of a filtcring method that uses a
shect-type planar hollow fiber mcrﬁbranc module,
and in which damage to the hollow fiber membrane
docs not oceur in lhc‘vicinity of the interface be-
tween the hurdened potting resin area and the hollow
fiber membrane. '
0013
Means of Solving the Problems .

.

‘The present invention is principally a filtering
method in which planar hollow {iber membrane
modules comprising multiple hollow liber mem-
brancs armved approximately in paralicl and installed
in the form vl shects which are disposed so that their

surfaces are horizonta| . whercin air supplied from
below the planar hollow fiber modules is used to

scrub the ptanar hollow fiber modules cithercon- -+,
tinuously or intermittently. and in which Lhe module
hollow liber membranes are pluced under tension,
and in which the relaxation ratio is 0~3%.
0014

The following detailed description of the in-
vention is made with relerence 10 the dmwi;lgs. Fig.
1 is a perspective drawing of an example of a hollow
liber membrane supporting method for the filtering
method of the present invention using a sheel-type
planar hollow [ibcr membranc in which the sheet
surface is horizontal in a tank or can, the modules are
installed without applying tension to the hollow fi-
bers. and three mudules are layered from top to bot-

W
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'tom
0015

Fig. 2 is a perspeetive drawing ol an example

using the support method shown in Fig. 1. Here,
the three modules are instalied and layered one above
the other, and the lengthwisc dircction of the hollow -
fibers of the central mudule runs perpendicular o the
lengthwise hollow fibers of the adjoining modules. in
the drawing, 1 is 8 water collection pipe. 2 is a hol
low fiber membranc. 3 is 2 hollow fiber membrane
binder edge part. 4 is an air dilluser plate.
0016

The planar hollow fiber modules used in this

invention arc hollow fiber membmnes arrayed ap-

roximately in parallel in the furm of sheets which
are hollow fiber membranes 2 that arc instatled and
" maintained at onc end or both ends in an open condi-
tion by means of potting resin. and the hollow fiber
membrane 2 openings pass through the collector

pipc. '

0017 '

The hollow fiber membrane 2 nced not be
limited to being connceicd in an opened state on one
side to the collector pipe 1. and may just as well be
connected and mainiained on both sides in an opencd
state with water collection pipcs on both ends.  Thus,
it does not matter if the hollow fiber membrane
binder part 3 is a water collcction pipe in both draw-
ings.

0018

The hollow fiber membrunes 2 should he ien-
.sioned as mu;:h as possihle when the modules are
installed, and the relaxation ratio of the hotlow libers
must be 0~3%. and preferably between 0~1%.
Since the hollow fibers are not ull of uniform lenpth.
it would be difficult in practice 1o hold the hollow
fibers fixedly in a completely tensioncd state.

However, there is no impediment to oblaining the

Patent 2946072

efTect i the relaxation ratio of the hollow fibers is

“under 3%. and prefcrably under 1% in the installed

slate.
0019

A varicty of methods may be used to install :
the modules in tanks and cans. including sla;wds,
clamps, and dedicated fixtures used to fix the mod-
ules. but any instatlation mcthod may beused os fong 2
as the modules do pot mave when performing air
scrubbing or other opcrations.
0020 '

“The air gilluser plute 4 is used for air scrub-
bing. but any type may be used as long as the air
bubbles reach cvery part of the modules.  Therefore,
although the drawing shows an air diffuser plate. it is
equally acceptable to use air dilMusers consistingof -
perforated pipe or of porous material.

0021

“The air dilfuser plate or air diffuser pipe is
connected 1o a blower and membrane surface clean-
ing is efMected by continuvusly or inlcrmi'llerllly un-
ning the blower during filtering.

0022 ’
When building up a plurality of modules in

layers from top lo bottom. such methods as shown in
Fig. 1. whercin the hollow fiber membranes are ori-
ented parallel to cach other. or as in Fig. 2, wherein
the hollow fiber membrancs arc Joyered so that in

their lengthwise dircetions they intersect one another

perpendicularly. ete.  Morcover. although it is de-
sirablc to make the can or processing tank as com-
pact as possible by reducing the spacing in between
the adjoining modules. module spacing can be de-
termined on the basis of the number of modules. air
scrubbing cunditions. and other parameters.
0023 '

Such matcrials as cellulose fiber. polyolefin
fiber. polyviny! alcohol fiber. PMMA fiber. polysul-
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fone fiber may be used for the hollow fiber mem-
brane 2, but such materials as polypropylenc. with its
high elasticity, arc particularly desirable.
0024
Although there arc no limitations on the fil-
tering membrane. as long as the membrane can be
.used. in terms of hole size. porosity. membrane
thickncss, outer diameter. cie.. if one considers the
material(s) 10 be removed. ensuring membrane sur-
face area 1o volume. and the strength of the hollow
fiber membrane. among others. ranges for hole di-
amelés of 0.01~1 pm. porosily of 20~90%. mem-
brane thicknesses of 5~300 pum. and outer diameter
of 20~2000 pm can be suppested.
0025
Moreover, it is necessary for the hole diame-
ters to be less than 2 pm if the goal is to remove bac-

teria, and if the goal is to remove organic materials

and viruscs there may be times when ultrafiltration of

from sevcral tens of thuusands molecular weight to
several hundreds of thousands molecular weight
fractioning is uscd.
.0026
_ Interms of the surface characteristics of the
hollow fiber membranc. it is preferable that the sur-
face of the hollow fiber membrance hold polymers
such as saponified cthylene vinyl acetate copolymers
50 that the surface of the hollow liber membrane has
-hydrophilic propertics. and is a so-called permanent
- hydrophilic membranc.  If the hollow fiber nyem-
brane is hydrophobic. a hydrophobic efTect takes
place between the organic materials in the process
water and the surface of the hollow fiber membranc.
organic materials adhere to the membrune surface.
resulting in blockage of the membrane surface and
reduced filter service life.
0027

1t is usually difTicult to recover filtering per-
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formance by washing a membranc surface that has
become clogged by adhesions. By using a permanent
hydrophilic membrane. it is possibic o reduce the
hydrbphubic citect between organic compounds and
the holluw fiher membrane surface, thereby control-

ling the amuount adhesion of organic materials.

. 0028

Operation of the Invention

When filtering is performed with the sheet
surface of the module put in a horizontal position and
the modufe fixed in place. the hollow fiber mem-
brane is placed in a tensivned condilion without be-
ing relaxcd. It becomes hard for the membranes to

_converge with onc anuther or for clumps of adhe-

sions to form. and it also makes unlikely the forma-
tion of channels during air scrubbing from below.
‘Therceflore, air bubbles arc apt 1o make contact evenly
over the entire hullow Iiher membrane within the
module. and cleaning of the membrane surface
throughout the catire madule can be performed efli-

cienly. *

. 0029

Since the hollow fibcr membranes arc ten-
sioned. thc amount of buckling due to stress of the
hardencd potting resin arcas that fix the hollow fiber

_membrane binder edge part or of the individual base

parts of the hollow fiber membranes can be reduced
since the width of vibration of the hoflow fiber
membrancs remains controlied and the hollow fiber
membrancs do aut become arc-shaped cven if the
hollow fiber membranes pick up buoyancy.
0030

When the sheet surfaces are placed horizon-
tally with the hollow liber membranes placed under
tension and the modules installed, and a plurality of
modules are disposed in layers in a can or tank, by
layering and aflixing the modules so that in their

lengthwise dircetions the adjacent modules intersect

- USF 133979




one another perpendiculurly. the channcls formed by
air bubbles to a certain extent can be climinated by
the module directly underncath. thereby moking it
easier for the air bubbles to make contact with the
various modules uniformly.
0031
Embodiments
A specific explanation of this invention will
made with reference to the following embodiment.
Embodiment 1. Comparative Example 1
A cbmparison of dilferential pressure risc
during filtering operations due 1o differences in the
_relaxation ratio at time of module installation was
performed using a planar hollow fiber membranc
module having a membrane surface area of 2 m’
comprised of polycthylenc hollow fiber membrane
holding on its surface saponilicd cthylene vin;'l ace-
tate copolymers. The modulc was instalied so that the
sheet surface was horizontal within the tank and was
supported. The tank was filled with water in which
200 ppm of yeast was placed in suspension. and this
waler was used-as the raw water upon.which to pct-
form hiltration.  For the filtralion method. the mod-
ule was completely immersed in the raw water.  ‘The
inlet of 2 pump was attached to the water collcction
pipe, and filtration wus performed using the pump’s
suction.
0032
The pump’s (Tow rate was sct at a fixed 330
mb/min (LV = 0.0099 amvh), andd a single cycle con-
sisted of filtering for 5 minutes. then 5 minutes off
{stopping the pump).  Air bubble cleaning was per-
formed with a continuous stream of air at 35 Ni/min
from below the sheet surface during operation(both
during filtration and when [iltralion was stopped).
Filtering was performed both with a module having a
relaxation ratio of 0.5% when supported and with a

comparative example having a relaxation ratio of 4%.
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0033

Fig. 3 graphically shuws the diffcrential pres-
surc {suction pressure) behavior of modules lwp-
ported in a tank with these different relaxation ratios
when operated under the conditions outlined above.
1 is clear that the rise in dilTerential pressure was
controlicd more with a relaxation ratio of 0.5% x;alher
than one with a relaxation ratio of 4%. thereby mak-
ing it pussible to maintuin stable fltering.
0034 o
Effect of-the Invention

When air scrubbing is performed continuously
or intermittently during. filtering operations in filter-
ing methods using planar hollow fiber membrane
modulcs of this invention. the air reaches the entire
hollow fiber mc;mhr.:nc of the module, and cleaning
efficiency is increased. '
0035 . -

Clcaning efliciency is increased and it is pos-
sible to maintain a high level of filtering Now volume
over long periods of time particularly in the case of
highly polluted water.  Morcaver. the amount of
stress concentrated on the interface between the
hardened potting resin area and the hollow fiber
membranc can he reduced and damage to the hollow
fiber membranc controfled.

Brief Description of the Drawings

Fig.1 Perspective drawing showing an exam-
ple of' a method of supporting hotlow
fiber membrane modules in the context
of the liltering method using the
shect-type planar hollow liber mem-

_ branc mudule of this invention

Fig.2 ' l’crspéclivc drawing showing an cxam-
ple of'a methed of supporting hollow
#iber membrane modules in the context

" of the liliering method using the
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sheet-type planar hollow fiber mem-
brane module of this invention
Fig. 3 Graph showing the difTcrential pressure
behavior of hollow fiber membrane
- modules having 0.5% and 4% relaxa-
tion ratios under conditions of con-

tinuous liltering operation

Description of Symbols
1 Water collection pipe
Hollow fiber membrane
Hollow fiber membrane binder edge pant
Air diffuser plate, .

L S I S ]

Figs. 1 and 2: Jcaption] Air from blower
Fig. 3 [x-axis] Days of operation (days)
{captions in gruph:] Relaxation ratc 4%

Relaxation rate 0.5%
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